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ABSTRACT 

Aim To evaluate vascularisation of the peripheral retina 
using fluorescein angiography (FA) digital recordings of 
infants who had been treated with intravitreal 
bevacizumab (IVB) as sole therapy for zone I and 
posterior zone II retinopathy of prematurity (ROP). 
Methods A retrospective evaluation was performed of 
medical records, RetCam fundus images and RetCam 
fluorescein angiogram videos of 10 neonates (20 eyes) 
who received intravitreal bevacizumab injections as the 
only treatment for zone I and posterior zone II ROP 
between August 2007 and November 2012. 
Results All eyes had initial resolution of posterior 
disease after IVB injection as documented by RetCam 
colour fundus photographs. Using a distance of 2 disc 
diameters from the ora serrata to vascular termini as the 
upper limit of allowable avascular retina in children, the 
FA of these infants demonstrated that 11 of 20 eyes had 
not achieved normal retinal vascularisation. 
Conclusions Although bevacizumab appears effective 
in bringing resolution of zone I and posterior zone II 
ROP and allowing growth of peripheral retinal vessels, in 
our series of 20 eyes, complete normal peripheral retinal 
vascularisation was not achieved in half of the patients. 



INTRODUCTION 

The incidence of retinopathy of prematurity (ROP) 
has increased globally due to advances in the care 
of very-low-weight premature infants. In a recent 
review on the incidence of ROI^^ the incidence of 
all ROP was found to be approximately 60% for 
infants less than 1500 g in high-income countries. 
Most cases of ROP regress spontaneously; however, 
more severe cases need treatment to prevent blind- 
ness. In middle-income countries greater numbers 
of premature infants are being saved; however, 
screening and treatment of severe ROP is often 
lacking, which in turn is leading to an increase in 
blindness due to ROP Six different studies in India 
have reported the incidence of severe ROV, ranging 
from 6.3% to 44.9%} Aggressive posterior ROP 
(AP-ROP) is a severe form of ROP located in zone I 
or posterior zone II of the retina, and is charac- 
terised by rapid progression to advanced stages of 
disease.^ ^ Even with early laser treatment as sug- 
gested in the 'Early Treatment for ROP' (ETROP) 
study,^ poor outcomes are still frequently seen in 
AP-ROP^ ^ Recently, there have been several 
encouraging reports of the use of intravitreal 
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AP-ROP, aggressive posterior retinopathy of prematurity; FA, fluorescein angiogram; GA, gestational age; IVB, intravitreal bevacizumab injection; 
PMA, postmenstrual age; POST-ROP, posterior retinopathy of prematurity. 
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bevacizumab as an off-label first line of treatment in neonates 
with severe ROE^"^^ 

One of the reported benefits of intravitreal bevacizumab as 
treatment for zone I and posterior zone II ROP is that the devel- 
opment of peripheral retinal vessels continues after treatment, 
M^hereas conventional laser therapy leads to permanent destruc- 
tion of the peripheral retina. In the present w^ork, w^e report 
on the results of fluorescein angiography (FA) performed on 10 
neonates (20 eyes), w^hich we had treated up to 5 years previ- 
ously M^ith intravitreal bevacizumab as sole therapy for zone I 
and posterior zone II ROE We have evaluated the extent of per- 
ipheral retinal vessel grow^th and remaining avascular retina 
after a single injection of intravitreal bevacizumab. 

All cases w^ere treated and examined at Klinik Mata 
Nusantara (KMN), an eye hospital in Jakarta, Indonesia. This 
retrospective study w^as approved by the Medical Committee of 
KMN. 

Patients 

In this retrospective study, we review^ed the records of 17 neo- 
nates who had FA after IVB for zone I and posterior zone II 
ROE For the purposes of this study, we included 10 neonates 
who had achieved regression of posterior disease in both eyes 



M^ith a single injection of bevacizumab and had a minimal 
folloM^-up period of 24 wrecks after IVB. We excluded six neo- 
nates who did not achieve resolution of posterior disease or 
needed additional treatment before resolution of ROP: one 
neonate w^ith AP-ROP had resolution of zone I ROP in one eye 
but developed stage 5 ROP in the other eye; another neonate 
w^ith AP-ROP needed a second IVB injection to achieve reso- 
lution of zone I disease in both eyes; two neonates had not 
achieved resolution of posterior zone II disease at the last 
follow^-up, and another two neonates needed vitrectomy. One 
neonate had to be excluded because the child was lost to 
follow^-up after 10 wrecks. 

At time of IVB, 7 of these 10 cases had been diagnosed as 
having AP-ROP and 3 cases as having posterior zone II ROP 
w^ithout plus disease. When FA w^as performed more than once, 
w^e evaluated the last FA. Fluorescein angiograms of 10 neonates 
(20 eyes) were thus evaluated. These neonates had been treated 
w^ith IVB as a first-line therapy betw^een August 2007 and 
November 2012. In all cases, regression of posterior disease w^as 
documented by RetCam fundus photographs. Gestational age at 
birth ranged from 28-35 wrecks post menstrual age (PMA) 
(mean=30 wrecks), birth w^eight ranged from 1150-1700 g 
(mean= 1393.2 g), PMA at time of IVB ranged from 32-38 




Figure 1 Case no. 5: aggressive posterior retinopathy of prematurity. Posterior fundus before intravitreal bevacizumab injection (IVB) (A,B); after 
injection of IVB (C,D); fluorescein angiography 46 weeks after IVB, demonstrates less than 2 disc diameters (DD) of avascular retina (E,F). 
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weeks (mean =3 5. 5 weeks). The interval between treatment with 
IVB and FA ranged from 27-224 weeks. 

RetCam FA was performed under general anaesthesia in an 
operating room at KMN. A 10% solution of fluorescein was 
injected intravenously at a dose of 0.1 mL/kg followed by an iso- 
tonic saline flush. None of the patients experienced systemic 
complications related to FA. 



METHODS 

A retrospective analysis of the medical records of all infants that 
had been treated with IVB at KMN was performed. We 
extracted medical records of infants who had demonstrated 
resolution of zone I and posterior zone II ROP with IVB as sole 
treatment as documented by RetCam colour fundus photo- 
graphs. Although we have been treating zone I and posterior 
zone II ROP with IVB since 2006, RetCam FA only became 
available to us in the latter part of 2011. The medical records of 
10 neonates (20 eyes) who had RetCam FA after IVB were used 
to document resolution of posterior disease. We reviewed the 
fluorescein digital videos of these 20 eyes to evaluate the extent 
of remaining avascular retina. 



An estimate of the peripheral retinal non-perfusion in the 
infants was compared to previously published descriptions of 
FA in children. Blair et al^^ concluded that avascular retina 
extending more than 2 disc diameters (DD) from the ora serrata 
should be considered abnormal. 



RESULTS 
General patterns 

Digital video recordings of RetCam FA allowed us to distinctly 
visualise the anterior border of retinal vessel growth and the 
vascular-avascular junction of 10 infants who had achieved 
RetCam documented resolution of posterior disease after treat- 
ment with IVB for zone I and posterior zone II ROP Of 20 eyes 
examined with FA, 11 had incomplete peripheral retina vascu- 
larisation (table 1). Of these 11 eyes, 9 had fluorescein leakage 
at the vascular-avascular junction. The IVB-FA interval of these 
eyes with incomplete vascularisation ranged from 27 to 
224 weeks (median 87.5 weeks). At the time of IVB, the diagno- 
sis in these children with incomplete retinal vascularisation was 
AP-ROP in seven cases and posterior zone II ROP without plus 
disease in three cases. The birth weight of these infants ranged 




Figure 2 Case no. 10: aggressive posterior retinopathy of prematurity. Posterior fundus before intravitreal bevacizumab injection (IVB) (A,B); 
resolution of posterior disease after IVB (C,D). The peripheral retina remains avascular with fluorescein leakage more than 4 years after IVB (E,F). 
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from 1150-1700 g with a mean of 1393.2 g. The gestational 
age ranged from 28-35 weeks with a mean of 30 weeks PMA. 



Case reports 

Case no. 5 was a case of AP-ROP (figure 1A,B), which resolved 
after a single injection of IVB (figure 1C,D). FA performed at 
46 weeks after IVB (figure 1E,F) shows less than 2 DD of avas- 
cular peripheral retina and no vascular leakage. 

Case no. 10 was a case of AP-ROP (figure 2A,B), where there 
was resolution of posterior disease after IVB (figure 2C,D) but 
the peripheral retina remained avascular with fluorescein 
leakage at the vascular-avascular junction more than 4 years 
after IVB treatment (figure 2E,F). 

Cases no. 8 and no. 7 are twin neonates who presented with 
posterior ROP (figures 3A,B and 4A,B, respectively). Case no. 8 
had avascular peripheral retinas without fluorescein leakage 
21 weeks after IVB treatment (figure 3C,D). FA at 89 weeks 
after IVB demonstrated that the retina in both eyes remained 
avascular with fluorescein leakage at the vascular-avascular junc- 
tion (figure 3E,F). 

Case no. 7 had avascular peripheral retinas without leakage 
18 weeks after IVB treatment (figure 4C,D). FA performed at 



86 weeks after IVB demonstrated that the left peripheral retina 
was vascularised while the right peripheral retina remained 
unvascularised and had fluorescein leakage at the vascular-avas- 
cular junction (figure 4E,F). 



DISCUSSION 

Although numerous authors have reported their experience 
using bevacizumab in the management of ROI?^ at the 

time of writing there has been only one controlled trial compar- 
ing intravitreal bevacizumab to conventional treatment of ROV, 
the BEAT ROP trial. In that study, the authors concluded that 
development of peripheral retinal vessels continued after treat- 
ment with IVB. In our study, we aimed to evaluate the extent of 
peripheral retinal growth in eyes with zone I and posterior zone 
II ROP that were treated with a single injection of intravitreal 
bevacizumab. Fluorescein angiographic imaging was chosen, as 
it allowed us to accurately visualise the extent of peripheral 
retinal vessel growth in these eyes. 

In our series of 20 eyes from 10 patients we found that, 
despite resolution of zone I and posterior zone II ROP after a 
single injection of IVB, the peripheral retina remained incom- 
pletely vascularised in 11 (55%) of the eyes. In addition, we 




Figure 3 Case no. 8: posterior retinopathy of prematurity. Posterior fundus before intravitreal bevacizumab injection (IVB) (A,B); avascular peripheral 
retina without leakage 21 weeks after IVB (C,D); avascular peripheral retina with fluorescein leakage in both eyes 89 weeks after IVB (E,F). 
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Figure 4 Case no. 7: posterior retinopathy of prematurity, the twin sister of case no. 8. Posterior fundus before intravitreal bevacizumab injection 
(IVB) (A,B); avascular peripheral retina without fluorescein leakage in both eyes 18 weeks after IVB (C,D); fully vascularised peripheral retina in the 
left eye, and avascular retina with fluorescein leakage in the right eye 86 weeks after IVB (E,F). 



observed fluorescein leakage at the vascular-avascular junction 
in 9 of these 11 eyes with avascular peripheral retina (82% of 
total). 

The safety of FA in neonates has been estabHshed since 
2006.^^ In 2011, Lepore et al, published an atlas of fluores- 
cein angiographic findings in eyes undergoing laser treatment 
for ROE The authors concluded that FA clearly defined the 
zone I junction betw^een vascularised and non-vascularised 
retina. Recently, VeHa et al,^^ investigated retinal development 
in premature infants using FA and revealed vascular changes in 
ROP eyes, such as loss of the normal dichotomous branching, 
vessel branching at the junction betw^een vascular and avascular 
retina, arteriovenous shunts, and other abnormalities that w^ere 
thought to be related to the immaturity of the vascular netw^ork. 
We observed similar findings such as irregular branching of 
large arterioles and circumferential vessel formation (figure 4C), 
and fluorescein leakage (figure 3E,F). Of significance, VeHa 
et al^^ determined that dye leakage is the most significant sign 
of progression to severe ROE 

Blair et al^^ estimated the normal extent of peripheral retinal 
non-perfusion in normal children at various postnatal ages. In 
that study, the authors — using RetCam FA on 33 eyes from 31 



normal children — estimated avascular retina using scleral inden- 
tation during FA to determine the distance of vascular termini to 
the ora serrata. None of these normal eyes had a distance greater 
than 1.5 disk diameters up to 13 years of age. The authors con- 
cluded that, conservatively, a distance of greater than 2 DD from 
the ora to the vascularised retinal margin should be considered 
abnormal. This data provided a useful practical standard to docu- 
ment the extent of peripheral retinal vascular development w^hen 
screening infants w^ith ROP using FA. 

All neonates in our study had resolution of zone I and poster- 
ior zone II ROP documented by RetCam colour imaging at the 
time FA w^as performed. Previous studies have reported the 
favourable response of zone I and posterior zone II ROP to 
intravitreal injections of bevacizumab.^^ Our study focuses on 
the extent of normal retinal vessel grow^th in the peripheral 
retina in cases w^here zone I and posterior zone II ROP had 
been deemed to have responded favourably to a single injection 
of IVB as sole treatment. It is often difficult to accurately 
determine the vascular-avascular junction in the peripheral 
retina using indirect ophthalmoscopy or colour RetCam images. 
We therefore chose to use FA, w^hich allow^s accurate visualisa- 
tion of the outer borders of the vascular retina. 
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The birth weight and PMA of the neonates with zone I and 
posterior zone II disease in our series is higher than reports 
from similar series from developed countries. Garden et afi^ 
reported that 58 infants referred to the National Hospital of 
Paediatrics in Hanoi, Vietnam with ROP had birth weights 
ranging from 800-1900 g and gestational ages ranging from 28- 
35 weeks. Gu et aP^ reported birth weights of infants with ROP 
in Ghina ranging from 1501-2000 g. Risk factors reported to 
cause ROP in more mature neonates are septicaemia and poorly 
controlled oxygen therapy. 

Our study showed that 55% of eyes continued to have incom- 
plete vascularisation at time of follow-up examination including 
up to 259 weeks after birth. In the eyes with the longest IVB-FA 
interval (case no. 10) there were also numerous areas of lattice 
degeneration, which may increase the future risk for develop- 
ment of retinal tears and complications after cataract surgery, as 
has been previously reported.^"^ Although we did not see 
ridges or extraretinal fibrovascular proliferation in these 1 1 eyes, 
there was fluorescein leakage at the vascular-avascular border in 
9 eyes. This may be important, as fluorescein leakage has previ- 
ously been reported to be a sign of progression to severe ROP^^ 

In conclusion, our study demonstrates that although intravitreal 
bevacizumab can be very effective in causing resolution of zone I 
and posterior zone II ROI? ophthalmologists should remain cau- 
tious as infants may remain at risk due to avascular peripheral 
retinas even many years after treatment. Gareful examination 
using FA allows accurate visualisation of risk factors such as the 
extent of avascular retina and the presence of dye leakage. 
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